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INThODUOTI  -W   AM)    3BVIEW   Of  LXTKRATHRB 

It   If  known   that  nitrogenous  fertilisers  are   required 
in  the  high   rainfall  areas  of  Kansas,     This  study  was 
concerned  with  six  liquid  and  thro*  <\ry  nitro,;enoue 
fertilisers  and  effects  of  such  on  wheat  end  millet  plants 
under  greenhouse  conditions.     The  fertilisers  used  were: 

1 .  Na£CN-NH- 

2.  KH4SCK-NH3 

3.  N*I-NH3 

4.  NH4I-KH3 

5.  NH4N03-HH3 

6.  NH4Br-NH3 

7.  KH4K03 

8.  Urea 

9.  Ureafora 

Considerable  work  has  been  accomplished   relative   to  the 
use  of  sodium  and  ammonium  thiooyanates  as  herbicides,     iiowe 
consideration  of  these  as  fe  tiliser  compounds  has  been  made. 
Thiooyanates  mentioned  in  scientific  11 tort tan   reviewed 
differed  from  those  used   in  this  experiment  in  as  much  as  no 
NH3  was  involved  as  the  solvent. 

In  1958  Newton  and   Paul    (16)   app)  led  ammonium  thlocyanate 
to  a  series  of  wheat  plots  and   to  a  series  of  fallow  plots. 
It  reduced  whest  yields  more   that  year  than  did  sodium 
dlohronate   in  a  similar  experiment.      Xt   retarded  nitrification 
and  did  not  decompose  and  lose   its  toxicity  completely  duri 


t-.hu   season  of  application,  but  even   in  the  cases  of  appli- 
cation of  660  and  1.300  pound*  per  acre  the   toxic  effect 
disappeared  early  in  the  f el  lowing  season.     The  total  and 
straw  yield*  of  crops  harvested  fron  these  plot*   the  next 
season  generally  were   increased  where  either  160  or  32b 
pounds  per  aore  had  been  applied  and  grain  yields  generally 
were  reduced  from  650  and  1300  pounds  per  acre  applications. 
It  also  was  observed  that  growth  of  certain  annual  weeds  was 
stimulated  considerably  in  1933  and  1934  by  this  nitrogenous 
weed  killer  in  plots  which  had  heavier  applications.     Tab- 
oratory  experiments  showed  that  the  thiocyanata  may  be 
leached  out  of  a  soil  with  water  and  that  It  decomposed  fair- 
ly rapidly   In  soils  under  favorable  conditions  of  moisture 
and   temperature  but  more  rapidly  in  fertile   soil   rich   in 
organic  matter  than  In  poorer  soil. 

Origsby   (12)   applied  10  pounds  of  NH4SCN  and  60  gallons 
of  water  per  acre  on  crabgrass.     This  treatment  left  49  crab- 
grass  aced  heads  per  square  foot  as  compared  to  124.25  heads 
on  the  untreated  check.     The  chemical  had  no  effect  on  the 
other  grasses  present,     '^han  20  pounds  per  aore  of  the 
chemical  were  applied  there  were  6.^5  heads  per  square  foot 
but  still  no  effect  on  other  grasses. 

Harvey   (13)   found  that  when  NH^SCN  was  applied   to  the 
soil  at  the   rate  of  1600  pounds  per  acre  the   soil   remained 
sterile  for  at  least  four  months.     When  applied  at  800 
pounds  per  acre  the  sterility  was  less  than  120  days. 


Sterility  lasted  from  two  to  four  weeks  when  applied  at  320 
pounds  per  acre  and  stimulation  of  vegetation  oeourred  after 
sterility. 

Usey  and  butler   (1)   observed  that  when  NH4SCW  was 
applied  at  the   rate  of  800  pounds  per  acre   there  was  marked 
stimulation  of  growth  after  69  days.     There  was  no  period  of 
sterility  when  applied  at  100  pounds  pftr  acre.     Kxperiments 
showsd   that  NH^SCJI  was  more  toxic   to  higher  plants   than 
sodium  chlorate  when  compared  pound  for  pound. 

DeFrance,  et  al.,    (7)   mixed  white  clover,   redtop  and 
weed  seed   together,   planted  it  in  the  upper  thrse  inches  of 
a  weedy  field  soil  a  few  days  before  treatments  of  HH^SCH 
were  applied,      .".hen  the  chemical  was  applied  at  three  pounds 
per  1,000  square  feet  the   growth  of  nearly  all  of  the  weeds 
was  inhibited.     A  lapse  of  four  weeks  after  treatment  was 
required  for  satisfactory   ryegrass  growth  and  si*  weeks 
lapse  of  ti?je  was  required  for  redtop  to  grow. 

DeFrance  and  Simeons    (8)    applied  NH^SCN  at  the    rate  of 
two  pounds  per  1,000  square  feet  with  good  control  of  wseds. 
Cropa  seeded  four  weeks  aftsr  treatment  grew  satisfactorily. 

Carlson  and  Xoulton   (4)   applied  NH4SCN  to  the   soil 
where  quackgrass  thrse   to  ten  inches  in  height  was  growing. 
The  killing  effect  was  more  pronounced  when  applied   to  young 
plants  as  compared  with  applications   to  taller  and  better 
established  quackgrass. 

Sandhoff  and  Skinner   (17)    reported   that  seven  months 


after  HUiCII  hud  been  applied  to  toll    there  we.11  little   If  any 

available  nitrogen  in   the  noil  above   that  which  could  be 

+ 
accounted  for  as  coming  from  the  NH^   radical  and  soil  organic 

nitrogen. 

These  workers  also  reported   that  addition  of  1.25  per 
cent  ammonium  thiocyanate   to  un3  imed  /rarden  toil  caused 
neither  increase  nor  decrease  in  algae  or  protosoa.      "ith 
the  same  concentration  of  either*  Naf.CN  or  NH^SCX  the  number 
of  bacteria  definitely  decreased  after  three  and  five  weeks. 
With  0.186"   pwr  cent  TJH^fCW  there  was  no  pronounced  change   in 
bacterial  numbers  in  seven  weeka,  but  in  nine  weeks   there 
was  definite   reduction. 

.Additions  of  0.075  per  cent  ammonium  or  sodium  thio- 
cyanate  to  limed  soil  always  caused  a  significant  increase 
in  bacterial   numbers  over  the  control  when  determinations 
were  made  at  two  week   Intervals  for  periods  up  to  ?,l\  weeks. 
When  one  per  cent  NaftCN  was  added  to  unliraed   garden  soil 
little  of  the   theoretical   thiocyanate  nltro  er.  could  be   re- 
covered as  ammonia  or  nitrate  at  any  time  up  to  seven  weeks 
incubation.     Shan  one  per  cent  ammonium  thiocyanate  was 
added  to  unlimed  garden  soil   less  than  100  per  cent  of  the 
theoretical   ammonical  nitrogan  could  be  accounted  for  after 
two  or  more  weeks  incubation.      Addition  of  0.076  per  cent 
ammonium  thiocyanate   to  limed  soil   resulted   in  an  average 
recovery  of  49.7  per  cent  of  the   theoretical  nitrogen   (PP.46 
per  cent  of  the  ammonium  nitrogen)    in  biweekly  determinations 


5 


made  over  a  period  of  28  weeks.     It  also  was  shown   that  whan 
0.075  per  cent  sodium  thiocyanate  was  added  to  limed  noil  an 
average  of  37.1   per  cent  of  the   theoretical   thiocyanate 
radical  was   recovered  as  ammonia  or  nitrates  in  the  hiweekly 
determinations  made  for  as  long  as  28  weeks. 

Smith,   et  al.,    (18)    reported  ammonium  thiocyanate  was 
lnhibitlve  and  bactericidal   to  bacteria  and  actinomyces 
but  stinulatory  to  fungi.     Depressive   effect  on   total  counts 
and  actinomyces  did  not  appear  until  after   ten  da, .-a,  whereas 
beneficial  effect  on  fungi  whs  apparent   in   three  days. 
Ammonium  thiocyanate  had  very  little,   if  imy,  effect  upon 
soil  protojsoa. 

ifttrd-Xarrer   (14)   added  five   grams  of  RSatOI  and  5.3 
grans  of  NaSCN  separately  to  three  lots  of  soil,     faj  lot 
of  soil  had  pll  of  5.1,  one  lot  had  pH  of  6.8  and  the  other 
had  pR  of  7.7.     Barley  and  oats  were  sown  two  days  later 
in  alternating  rows  in  each  of  the   soils,     i.oth  thlocyanates 
killed  all  the   plants  of  the  first  crop  soon  after  emergence 
but  when  resown  six  weeks  later  lethal  effects  were  apparent 
in  unlimed  plots  only.     In  plots  having  pH  values  of  6.8  and 
7.7  both  had  decomposed   to  such  an  extent  that  there  was  no 
sign  of  toxicity  and  the  growth  was  so  stimulated  that  green 
weights  were  about  25  per  cent  higher  than  those  of  control 
plants. 

This  worker  reported  that  there  was  no  sign  of  toxicity 
in  any  of  the  plots  when  planted   the   third   time   (three  months 


af  ter  the  applications) .     Acid  soil  which  had  lethal 
properties  ate  time  of  the  second  lowing  now  produced  plants 
ava raging  from  47  to  B9  par  cant  larger  than  corresponding 
controls.     It  was  concluded  that  stimulation  which  so 
consistently  followed  injury  by  HH^f-GN  application  could 
not  be  attributed  to  ammonium  nitrogen  since  similar  decrees 
of  stipulation  were  obtained  with  the  application  of  sodium 

salt. 

Tho»a»t  at  al.#    (20)  used  WILSON  as  a  defoliant  treat- 
ment on  cotton  at  the   rate  of  10.5  pounds  per  acre.     Fighty 
per  cent  defoliation   resulted  from  application  of  thiocyanate 
as  compared  to  36.3  pe**  cent  with  no   treatment. 

Steinbauer  and  Steinmats   (19)  used  WK^SCK  to  kill   trees. 
Wild  plum  trees  with  stem  diameters  varying  from  a  few  inches 
to  a  foot  or  more  were  treated  either  by  pouring  KH^ftCR 
solution  into  the  wood  where  it  had  been  frilled  by  an  axe  or 
by  pouring  the  solution   into  %   inch  holes  drilled  into   the 
trees  about  three  inches  deep.     The  holes  were  slanted  down- 
ward and  were  about   three   inches  apart  around  the  circumfer- 
ence of  the   tree.     Two  pounds  of  the  chemical   in  one  gallon 
of  water  proved  toxic  and  killed  the  entire   trees   Including 
sprouts.     It  was   reported  that  pouring  solution   Into  the  hole 
was  more  effective   than  pouring  it  into  the  wood  frilled  with 
an  axe. 

The  most  logical  use   of  NR^SCN  in  weed  control,  according 
to  Crafts  (6)    is  against  annuals  and  shallow-rooted  perennials 


In  pftsturoR  or  turf  lands  where  the  crop  plants  may  rapidly 
occupy  the  areas  made  bare  upon  death  of  weeds.     By  ufcillxinf 
the  nutrients  that  result  upon  decomposition  of  fcbe  herbicide, 
fcha  crop  should  fchriva  and  present  greater  competition  to 
any   seedlings  that  ml^ht  grow  from  seed   germinating  in  the 
soil.     This  worker  concluded  that  since   sodium  tends  to  re- 
place caloiua  in  tha   replaceable  base  complex  of  soils,  with 
a  corresponding  deflocculation  of  the   colloids  and  decrease 
of  permeability   to  water,   sodium  thiooyanate  could  nofc  be 
reoomr*sendcd  for  repeated  usa   on  western  soil. 

King   (16)   took  corn  leaves  of  seedlings   that  were 
to  2b  days  old  and   immersed  the   terminal  nine  centimeters   in 
a  one   per  cent  concentration  of  NaRCH  and  an   identical   con- 
centration of  NH4SGN.     The  distance  of  injury  from  NH^CK 
treatment  was  18  centimeters   In  24  hours,   21   centimaters   in 
48  hours  and   the  entire  plant  in   seven  days.     The  same  was 
trua  for  tha  flaSCK  except  there  was  no   injury  at  the  24 
hour  period. 

An  experiment   Involving  soaking  of  potatoes   in  one   per 
cent  solution  of  laBOl  was  performed  by  Buchanan   (3).     The 
potatoes  previously  had  been  out  in  pieces  for  p3  anting  and 
then  soaked  in  NaSCN  solution.     After  soaking  for  one  hour 
the  pieces  then  were  planted  without  rinsing.     Pieces  which 
had  been  allowed  to  soak  in  tfaSCfl  produced  sprouts  more 
rapidly  than  those  which  had  been  soaked   in  water  for  the 
same  length  of  time. 
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Lethal  concentration  9t  ammonium  thlocyanate  with  duok- 
weed  was  found  by  Proam   (10)    *•  be  10 

oleen   (11)   claimed   thlocyanate  at  a  high  concentration 
of   .01  M,  when  perfused  through  an  enriched  nitrifying  soil, 
had  only  a  partially   inhlbitive   influence  on  the  oxidation 
of  ammonium  sulphate.     It  further  inhibited   the  oxidation  of 
ammonium  nitrogen  to  nitrite  nltro*n  by  24   per  cent  and  ni- 
trite nitrogen   to  nitrate  nitrogen  by  65?  per  cent.      After 
thlocyanate  hHd  been  perfused  through  a  partially  enriched 
nitrifying  soil  for  four  Of  five  days   it  was  metabolized   to 
ammonium  sulphate  by   specific   thlocyanate  oxidising  micro- 
organisms which   thrive  in  the  soil.     Soil  then  might  be 
enriched  by   three  specific  groups  of  soil  microflauna  and 
two  groups  of  oxidising  bacteria  which  serve  as  nitrifiers. 

sen  also  stated  that  by  using  enriched  nitrifying  soils 
ammonium  cations  were  oxidised  rapidly  to  nitrate  with  very 
little  nitrite  formation,     ffhtm  thlocyanate  was  perfused 
through   a   similar  soil   it  wrs  not  metabolized  until  after  a 
lag,  suggesting  that  growth  of  its  specific  oxidising  micro- 
organisms took  place  and  build  up  of  nitrite  occurred  because 
of  oxidation  by  the  nitrifying  organisms  already  present  in 
the   soil  of  the  ammonium  cations  formed. 

Conrad   (5)   found  that  NaSOK  was  toxic   to   the  first  crop 
of  milo  planted  but  lost  its   toxicity  when  the   second  crop 
was  planted  about  4&  days  later.     Not  only  had   it  lost  its 
toxicity  but  at  least  some  of  the   sulfur  had  become  available. 


About  1873  Divers  (9)   prepared  liquid  KH^K03-NH3  by 
bringing  dry  amnion  In  gas  Into  contact  with  dry  ammonium 
nltrata  In  a  flask  embedded  in  ice  and  looaaly  closed  by  a 
stopper.     Tha  tuba  conveying  tha  ammonia  paaaad  through  tha 
stopper  and  naarly  raaohad  tha  bottom  of  tha  flaak.     Tha 
nitrate  waa  drlad  by  spreading  tha  oryatala  on  tha  floor  of 
an  air  tight  glaaa  chamber  for  a  month  or  more  with  dlahaa  of 
aulfurlo  aold  inside  or  by  placing  In  an  ovan  for  aavaral 
houra  at  a  temperature  Juat  a  llttla  balow  Ita  malting  point. 
Tha  ammonia  waa  drlad  by  passing  through  a  long  oollad  tuba 
aurroundad  with  loa  and  than  passing  through  a  glaaa  tuba  of 
aora  than  80  centimeters  in  langth  whioh  was  paokad  with 
vary  small  pieces  of  stick  potash.     Tha  nltrata  aoon  started 
to  deliquesce  In  ammonia  and  aftar  awhlla  antlraly  liquified. 

Divers  raported  that  at  0aC  and  ona  atmosphere  of 
pressure  ammonium  nltrata  oondanaad  almost  exactly  half  its 
weight  of  ammonia.     Tha  flH^WOg-NHg  produced  by  thia  method 
often  la  referred  to  as  "Divers*   solution*. 

Experiments  by  Bradley  and  Alexander  (2)   showed  that 
at  room  temperature  ammonium  thlooyanate  absorbed  44.78  per 
cent  an&  40.26  per  cent  of  its  own  wel^it  of  ammonia  In  two 
aeparate   trlala.     At  0*0   tha   product  had  43.10  par  cent 
ammonia,   at  25° C  had  31.16  per  cent  NH3,  at  50" C  had  19.40 
per  cent,  at  76"  C  had  6.17  per  cent,  and  0  at  100* 0. 
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METHODS  «F  STtW 

.Soil  Material  Used 

Sandy  soil  from  the   surface  six  inches  was  obtained  in 
February  1956  from  the   Ashland  Agronomy  Farm  near  Manhattan, 
Kansas*     This  alluvial   soil  is  found  adjacent  to  the  Kansas 
River. 

Fertilisers  Used 

Ammonium  nitrate  and  urea  used   in   this  experiment  were 
ordinary  fertiliser  materials  which  are  fanilar  to  the 
fertiliser  industry.     These  were  uaed   in  this  experiment  for 
c  mpar)Lsnn  purposes.     The   other  types  were  not  so  tOMM* 

Ureaform  is  a  material  of  low  availability  of  nltmgan. 
It  is  a  combination  of  urea  and  formaldehyde.     Its  practical 
use   is  to  furnish  niti'ogen  throughout  the   growing  season  by 
not  allowing  all   to  become  availsble   soon  after  application. 

The  NH4HOs-NH3,  NH4SGN-NHg#  IH^fT  IB       KH4I-KH3  are 
liquid  types  and  are  quite  corrosive  fertiliser  substances. 
The  NaX-KHg  and  NaSGK-RHg  compounds  were  also  liquids.     The 
NH4I-HH3,  ^H4N^3-NH3  and  NH4br-NH3  had  to  be  kept  at  a  low 
temperature  when  applying  unless   applied  under  pressure. 
This  was  required  because  of  the   low  boiling  point  of  each 
of  these  materials. 

Some   of  the  ohemioal  properties  of  the  liquid  fertilisers 
are  enumerated   in  Table  1. 
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Table  1.     Properties  of  chemicals  used  as  fertilisers. 


J                              : 
Fertilizer:   Condensation t 
material      :    temperature    s 

1 

Pressing; 
point        ; 

"oles  of 
per  mole 
chemical 

mu  : 

of      ; 
BMd  1 

Lolling 
point 

NaI-KH3                   24' C 

3°c 

3.6 

42°C 

NH4I-NH3                   0*0 

<o°c 

2.6 

25  *C 

NaSCN-UH3     hoom  Temp. 

<0'C 

2.7 

54°  C 

NH4SCH-NH3  'loom  Temp. 

<o°c 

1.4 

64*  Q 

KH4br-NH3               0°C 

<0°0 

2.5 

4°C 

KIUHOn-KHx              0°C 

<0°C 

1.6 

20  °C 

Greenhouse  Procedure 

Soil  was  brought   into   the   greenhou se ,   spread  out  on  a 
table  and   thoroughly  nixed.     Two   thousand  grans  of  the  soil 
were  placed   in  each  of  170  pots.     Fifteen  spring  wheat  seeds 
of  Pusa  62  X  Federation  and  an  equivalent  rate  of  600  pounds 
of  triple   super  phosphate  were  placed   In  each  pot  on  Varch 
3,   1966. 

The  nitrogenous  fertilisers  were  applied  after  the 
wheat  had  started  to  emerge.     Fertilisers  were  applied  at 
rates  of  100,   200,  and  300  pounds  of  nitrogen  per  acre  and 
this  amount  was  applied   to  each  of  six  containers   so   that 
16  pots  were   required   for  each  fertiliser   (six  for  100  pound 
rate,    six  for  200  pound  rate,   and  six  for  the  300   pound   r>.te). 
I  iijht  pots  were  used  for  untreated  controls.     Liquid  ferti- 
lisers were  applied  with  a  small   tuberculin  syringe  while 
weighed  amounts  of  the  dry  fertiliser  were  applied  by  hand. 
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The  amount  of  fertilizer  applied  fee  each  individual  container 

is  shown  in  Table  ?■* 

All  wheat  cultures  that  survived  were  Allowed 

to  mature 

and  then  harvested,  dried,  weighed  and  nifcrogen  content 

determined. 

ter  the  wheat  was  harvested  all  of   fcho   f%* 

wept 

re- 

planted  to  millet  hut  no  additional  fertilirer  was 

addsd. 

These  plants  were  allowed  to  grow  to  maturity  and 

then 

harvested,  dried,  weighed  and  nitrogen  content  determined. 

Table  2.     rates  of  fertilizer  Application. 

:                                   J                                         : 

:  Number  of                :   Rate  of  application: 

:   pots  at  each          t   of  nitrogen                  : 

fertilizer:   application  rate:   pounds   per  acre          t 

Amount  of 
fertiliser 
applied  to 
each  pot 

NH4MOg                            6                                          100 

0.3 

grams 

■                                  6                                        800 

0.6 

grams 

B                                  6                                        300 

0.9 

grams 

Urea                             6                                     100 

0.?.?. 

grams 

•                                6                                       200 

0.44 

■fl 

•                                 «                                        300 

0.66 

grams 

Urea  form                     6                                      100 

0.27 

grams 

"6                                        200 

0.54 

grams 

"                                   6                                         300 

0.81 

grams 

KH4N03-NH3                   6                                          100 

0.225  ml. 

"                                 6                                        200 

0.45 

ml. 

•                                  6                                        300 

0.675  ml. 

u 

Table    2.       (IB—  li 

>) 

:    Tvumb? 
t   pots 

rtlllzer:   ^jLl) 

t 
• 

f                 ; 
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materials  were  ground  In  an  electric  grinder  in  prepare tlon 
for  nitrogen  determinations. 

Nitrogen  content  was  determined  by  tha  KJeldahl  method. 
This  consisted  of  weighing  a  known  amount  of  sample   (usually 
one  gran)  which  was  then  placed  In  a  KJeldahl  flask.     A 
digestion  mixture  of  KgSO^,  FeS(>4  and  Cuf>04  and  30  ml.  of 
H«S04  was  added  to  the  sample  and  then  placed  on  the  digest- 
ion rack  until  digestion  was  complete.     After  allowing  to 
o«ol  for  4-fi  hours,  water  was  added  to  the  sample  and  cooling 
was  allowed  to  occur.     One-hundred  milliliters  of  12  I  sodium 
hydroxide  was  added  plus  three  or  four  pieces  of  sine.     The 
flask  was  placed  on  the  distillation  rack.     The  distillate 
was  oollected  in  50  milliliters  of  boria  acid  and  back 
titrated  with  H2S04  of  known  normality.     The  nitrogen  content 
of  the  materials  was  calculated. 

Method  of  Preparing  Liquid  Fertilisers 

All  of  the  liquid  fertilisers  used  in  the  experiment 
were  prepared  under  the  supervision  of  Pp.  0.  *',  J/eonard  of 
the  Kansas  State  College  Chemistry  Depsrtment.     A  weighed 
amount  of  each  chemical   (HaSCW,  HH^SCN,  NH4U03,  Nfl^Br,  Hal, 
HH4I)  was  placed  in  a  suitable  container  such  as  a  two  liter 
bottle.     The  container  was  kept  in  a  constant  temperature 
bath  maintained  at  0° Centigrade  by  melting  ice.     Anhydrous 
ammonia  was  paused  through  the  salt  until  the  system  reached 
a  vapor  pressure  equilibrium  with  one  atmosphere  pressure  at 
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0* centigrade.     The   resulting  solutions   then  contained  from 
1,4   to  3.6  moles  of  amnonia  per  mole  of  chemical  used. 

EXPERIMENTAL   RESULTS 

Crop  Orowth 

All  wheat  plants  were  g^een  and  growing  when  fertilizers 
were  applied,  venting  began  to  occur  in  cultures  treated  with 
thiocyanate  fertilizers  three  days  after  application  and  con- 
tinued until  death  resulted.  Wilting  became  evident  In  the 
iodide  fertilizers  11  days  after  application  and  eventually 
death  occurred,  bromide  fertilizer  caused  plants  to  wilt 
one  day  after  application  but  death  did  not  occur.   Follow- 
ing this,  partial  recovery  and  some  growth  occurred. 

Containers  which  had  received  thiocyanate  fertilizer 
and  in  which  plants  died  were  replanted  with  wheat  one  month 
after  the  fertilizer  application.  Plants  emerged  and  did 
not  start  to  wilt  until  two  weeks  after  planting  or  10  days 
after  emergence  and  continued  to  wilt  until  dead. 

Iodide  cultures  were  replanted  to  wheat  six  weeks  after 
fertilizer  application.   Plants  emerged  and  ;;rew  satisfact- 
orily at  first  but  started  wilting  two  woeks  after  planting 
and  did  so  until  dead. 

Iodide  and  thiocyanates  again  were  replanted  with  wheat 
80  days  after  the  original  fertilizer  application.   Again 
wilting  started  two  weeks  after  planting  and  continued  in 
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tha  iodide  treatmanta  unt5.1  death  ocoivred  but  tbia  was  not 
neceaaarily  true   in  the   thlocyanate  cultures.     ;>oa»e  of  the 
c^ntalne-a  with  the  three  ratea  of  thioeyanata  application 
had  no  plants  alive  while  noma  had  a r ratio   reaulta  in  that 
two  or  three  planta  lived  but  diet  not  crow  aatiafaotorlly . 

Tha  NH^NOj,  ureaforra,  urea,  UH4N03-NH3  and  untreated 
culturaa  all  craw  satisfactorily  durinc    tha  la  thai  pariod 
of  thiocyanata  and  iodide.     Tha  NH^NOg-NH^  crop  had  a  dark 
graan  color  and  lookad  exceptionally  wall  whan  compared   It 
tha  checks.     TTreaform  treatments  did  not  produoa  aa  wuoh 
growth  aa  uraa,  NH4KO3  and  TCH^NOg-NH-j  and  had  aoraa  yellow- 
ing in   soma  of  tha  planta,     Thaaa  oropa  wara  harvaatad  upon 
maturity  whioh  occurred  93  daya  aftar  planting. 

All  oontainara  with  tha  varioua  fertilizers  and 
diffarant  rates  of  appliad  nitmgen  wara   replanted  to  millet 
146  daya  aftar  application  of  t;he  fertiliaer  but  no  additional 
fartilisar  waa  appliad.     All  pota  had   aAtiafactory   growth  at 
firat  hut  again  iodida  trentmenta  caused  wilting  and  evant- 
ual  death  of  planta.     All  othar  applicationa  graw  aatiafaot- 
orily,   aapacially  tha  NaSCH-flH3  and  KHjSGX-NHg,     The   thio- 
cyanata  treatments  had  Much  darkar  graan  color  than  any 
othar  fertilizer  application  and  produced  mora   growth,     "Hie 
dark  graan  color  avidant  with  NH^NO^-NH^  in  tha  caaa  of  tha 
whaat  crop  waa  not  evident  with  tha  millet  crop.     Tha  bromide 
traatad  culturaa   atayad  graan  longar  than  any  of   tha  others 
but  all  pota  wara  harvaatad  62  daya  aftar  planting. 
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tfh«At  Crop 

iveragc    'leld  of  ;>traw,       verage   straw  yield  of  cultures 
which  survived  was  increased  over*  the  control  hy  ell   treat- 
ments except  that  of  NH4i5r-NH3.     Decrease  in  average   straw 
yield  of  the  NH^br-NH^  treatment  was   --rent  enough  to  he 
statistically  significant  when  compared  to  no  treatment • 
The  yield  whs  more  than  doubled  when  compared  to  n^   treatment 
by  All   rates  of  application  of  NH^NO^-NH   .     This  was  true  for 
200  and  300  pound   rates  of  nitrogen  application  of  ammonium 
nitrate  and  for  the  200  pound  rate  of  nitrogen  Application 
in  the  form  of  urea.     Significant  increases  in  the  average 
yield  of  straw  occurred,  as  shown  in   appendix  Table  3,  for 
all   treatment*  except  NH.br-NH     and  the  100  and  200  pound 
rate   of  nitro^an   in  \\r9&rorm  when  compared  with  no   treatment. 

Average  yield  of  Qrain.     As  seen  in  Table  3,   the  average 
yield  of  wheat  giwla  from  the  pots  with  the  various  fertilizer 
treatments  was  higher  than  no  treatment  yield   in  a3.1  cases 
except  for  use  of  NH^br-KHj,.     Ureaform  treatment  a^ain  prod- 
uced lower  average  yield  than  the  other  fertilisers. 
Significant   increases   in  average  grain  yield  occu   red  for  all 
treatments  except  whe  e  100  pounds  of  nitrogen  were  furnished 
by  ureaform  and  where  All  of  the  NH^br-NH^  treatments  were 
involved. 

Yield  of  g^ain   in  the  NH^N03-NH3  containers  was  highest 
at  the  100  pound  rata  of  nitrogen  application  and  was  sig- 
nificantly higher  at  this  rate  of  nitrogen  application  when 
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compared  to  either  the  800  or  300  pound  rate.  In  thin 
experiment  additional  applied  nitrogen  was  harmful  rather 
than  beneficial  insofar  aa  increasing  grain  yield  waa  con- 
cerned. The  higher  rates  were  significantly  superior  to 
no  treatment,  however.  The  HK4HO3  treatments  acted  similarly 
in  that  the  highest  grain  yield  occurred  for  application  of 
100  pounds  per  acre  of  nitrogen. 

Average  ?*r  Cent  Nitrogen  in  nraln.  The  average  per 
cent  of  nitrogen  in  wheat  grain  produced  from  all  ureaforw 
cultures  and  from  the  100  pound  rates  of  nitrogen  supplied 
by  either  WH4NO3  or  urea  were  about  the  same  as  that  produced 
by  no  treatment.   All  other  applications  produced  significant- 
ly higher  percentage*  of  nitrogen  when  compared  to  no  treat- 
ment. The  higher  percentages  were  produced  by  HH^r-NHa  and 
XH4IW3-HH3  as  indicated  in  Table  3.  The  increases  in  per- 
centage of  nitrogen  of  grain  produced  by  use  of  NH^br-KR3 
and  NR4??03-nH3  were  significant  when  compared  to  the  same 
rates  of  application  of  urea  and  NH^N^. 

Average  ?%r  Cent  Nitrogen  in  Straw.  The  average  per 
cent  nitrogen  in  wheat  straw  followed  almost  the  same  trend 
as  did  the  average  per  cent  nitrogen  in  grain.  Again  the  low 
percentages  were  produced  by  ureaform  applications,  the  100 
pound  rate  of  nitrogen  furnished  by  NH^a,  or  urea  and  no 
treatment.  Percentages  of  nitrogen  in  straw  were  significantly 
higher  when  compared  to  no  treatment  for  all  rates  of  appli- 
cation of  NI^lir-NHs,  the  300  pound  rates  of  nitrogen  supplied 
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either  toy  ur««  or  KR^KO-  end  fche  200  and  300  pound  rates 
of  nitrogen  furnished  by  KR^lK^-SHa.     The  content  was  six 
times  as  great  for  the  500  pound  rate  of  nitrogen  in  the 
form  of  HH^Br-RHj  «s  compared  to  no  treatment. 

The  Iffl^KOg-SHij  and  NH^Br-NHg  treatments  produced  signif- 
icantly increased  nitrogen  percentages  for  the  200  end  500 
pound  rates  of  nitrogen  application  when  compared  with  the 
sane  rates  of  application  of  NR4SO3  end  urea.     The  highest 
percentage  was  found  in  the  BOO  and  500  pound  application  of 
nitrogen  in  the  liquid  NTI^br-HH^.     Theae  data  also  are 
presented  in  Appendix  Table  3. 

Average  Total  nitrogen  Content  In  Crop.     The  average 
total  nitrogen  contents  of  the  wheat  crop  increased  as  the 
rate  of  application  of  the  various  fertilisers  increased. 
The  HH^tfOa-NHa  fertiliser  produced  a  three-fold  increase  in 
total  nitrogen  content  when  compared  to  no  treatment.     The 
100  pound  per  acre  nitrogen  application  of  HR^R0S-RRS  caused 
as  much  accumulation  of  nitrogen  by  plants  as  did  the  use  of 
800  pounds  per  aore  of  nitrogen  of  either  I?H4K0s  or  urea. 
Significant  Increases  oocurred  for  ell  treatments  except  the 
100  and  200  pound  rates  of  nitrogen  supplied  by  ureafom. 
It  was  noted   that  even  though  the  yield  of  grain  and  straw  was 
low  for  KI^br-KHj  treatments  average  total  nitrogen  contained 
in  the  wheat  orop  still  was  significantly  higher  than  for  no 
treatment  because  of  its  high  percentage  of  nitrogen.     This 
information  is  preeented  grephioally  in  Fig.  vm 
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Millet  Crop 

Millet  was  the  sac  nd  crop  grown  to  maturity  In  nil 
pots  except  those  which  received  NH4SCH-NH3  and  NaSf!N-NH3 
treatments.     The  millet  crop  was  the  first  to  survive  in  the 
thiooyanate   treatments  because  of  the  earlier  lethal  effects 
of  the  fertiliser. 

Average  'field.     Significant  increases  in  the  average 
yield  of  millet  occurred  for  all  NaSCN-NHjj  treatments,   the 
200  and  300  pound  rates  of  nitrogen  supplied  by  NH4SCN-NH3 
and  NH^H03-WHs,  the  300  pound  rates  of  nitrogen  of  KHfhr-NHg 
and  urea,  and   the  100  pound  nitrogen  applications  of  NH4NQ3 
and  ureaforro  when  compared  to  no  treatment.     Highest  yields 
were  produced  by  HaSCN-NH3,  NH43CW-NH3  and  KH^NOa-NHa  treat- 
ments. 

These  results  are  presented  in  Appendix  Table  4. 

Ave  rage  ?*r  Gent  Nitrogen.     The  NH4SCN-NH3  treatments 
gave  significant  increases  at  all  three  rates  of  application 
when  compared  to  no  treatment.     The  per  cent  nitrogen  in 
plant  material  produced  by  300  pound   rate  of  nitrogen 
application  of  this  compound  was  over  three   times  as  great  as 
per  oent  nitrogen  in  plants  produced  by  no  treatment. 

The  use  of  NaSCN-flHa  gave  significant  increases  for  the 
200  and  300  pound  rates  of  nitrogen  application  but  the  100 
pound   rate  produced  e  content  similar  to  no  treatment. 

The  use  of  sither  Nl^ilr-NHjj  or  ureaforro  at  300  pound 
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rates  of  nitrogen  application  also  produced   significant 
lnorea»e«.     There  were  no  significant  decreases,   ««  can  be 
seen  In  Pig,  4   In  the   Appendix. 

The  300  pound   rate   or  nitrogen  application  of  u;t4M03-tfH3 
produced  material  with  significantly  higher  nitrogen  content 
than  did  the   sane  rate  of  Nt^NO^, 

Average  Total  Nitrogen  in  Crop,     fhe  300  pounds  per  acre 
of  nitrogen  in  the  W^SCfl-NTIg  fertiliser  produced  no  re  than 
five   tines  as  nuoh  total  nitrogen  in  plants  aa  did  no   treat- 
ment.    The  200  pound  nitrogen  rate   of  ??H4f,0fl-!W3  and  the  200 
and  300  pound  nitrogen  rates  of  Ka3CH-tfH3  produced  between 
three  and  four  tinea  us  niueh  nitrogen  in  plants  as  did  no 
treatment.     Significant   Increases  a? so  were  present  for  the 
300  pound  nitrogen  rates  of  m^Br-NH^,  WH^TO3-' 9g«   «nd  urea 
and   the  100  pound   rate  of  nitrogen  application  of  NaSCK-NH3 
as  shown  In  Fig.  4. 

on  applied  at  300  pounds  of  nitrogen  per  acre  KH4H03- 
*H3  produced  significantly  nor*  nitrogen   In  plants  than  did 
either  urea  e»  HH^W03  at  the   sane   rate  of  application. 

Average  Total  Nitrogen  Uptake  In  Combined  Crops 
of  Wheat  and  Millet 

Every   treatment,   except  whee  100  pounds  per  acre  of 
nltrocen  were  supplied  by  either  N!t4i  r-^H-,  urea  or  ureaform 
and  where  200  pounde  per  acre  were  supplied  by  ureaform, 
produced  a  significant  increase  In  nitrogen  uptake,      (appendix 
Table  (j  and  Pig.  11).     The  greatest  uptake  waa  produced  by 
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use  of  300  pounds  per  acre  of  nitrogen  lr.   the  form  of 
KR4H0s-?TH3,     Thin  natarlal  consistently  produced  greater 
total  uptaka  of  nitrogen  than  did  any  of  the  other  materials 
at  comparehle  rates  or  application.     In  all  except  two 
instances  It  was  significantly  superior  to  all  othar  compar- 
able  treatments. 

Tha  material,  NH4l.r-NH3,  despite   its   inferiority  with 
tha  whaat  crop,  apparantly  yielded  wore  nitrogen  which  was 
available  to  plants   than  did  urcafora.     This  was  especially 
true  at  the  highest  rates  of  application. 

SUMMARY  AMP  QOHQZ9SX0M 

The   results  of  t-Jiis   study  of  various  nitmganous 
fertilisers  showed  desirable  characteristics  for  sows  but 
not  for  all  of  tha  liquids. 

The   total  length  of  the  toxic  period  for  H^X-B^g  and 
MaI-NH3  was  not  determined  hut  the  plants  did  not  gPM  when 
planted  about  five  months  after  date  of  Initial  fertiliser 
application. 

The  NH^MOo-tfH,,  proved  very  successful   in  increasing  not 
only   the  yield  of  grain  and  straw  hut  also   increasing  the 
per  cent  of  nitrogen  In  each  in  the  first  crop,     '"his  greatly 
increased  total  uptake  of  nitrogen.     There  was  no  toxic 
effect  f»»  this  material.     It  produced  luxuriant  dark  green 
growth  in  the  first  crop  grown.     Increased  nitrogen  uptake 
still  ocourred  with  the   second  crop  where  higher  rates  of 


application  were  Involved. 

The  HwSCK-KHs  and  OT^SCW-KHa  treatments  were  toxic  to 
wheat  plants  when  flrnt  applied  but  lethal  effects  disappear- 
ed  In  about  five  months.     This  toxic  effect  undoubtedly  was 
caused  by  the  lethal  effects  of  the  thloc^annte.     Presumably 
when  this  form  of  nitrogen  disappeared  as  a  result  of  bacteri- 
al  action  the  nitrogen  originally  present  In  the  thlooyanate 
radical  became  available  for  plant  utilisation.     Plants  then 
grew  about  the  same  as  where  NH4NQ3-NH3  had  been  applied. 
High  nitrogen  uptake  by  plants  occurred  for  high  rates  of 
application  of  nitrogen.     These  two  fertilisers  might  have 
possibilities  as  a  combination  herbicide  and  fertiliser. 
A  two-fold  mission  of  first  eradicating  weeda  and  then 
stimulating  plant  growth  might  result  from  properly  timed 
applications. 

The  use  of  wf^Br-KHs  increased  nitrogen  uptake  with  the 
first  crop  but  caused  lower  yields  of  grain  and  straw  when 
compared  with  no  treatment.     The  yield  decrease  undoubtedly 
resulted  from  physiological  disturbances  associated  with 
wilting  induced  at  time  of  initial  application.     Held  of 
grain  and  straw  still  was  comparatively  low  with  the   second 
crop  for  low  rates  of  application.     These   increased  with 
Increased  application  rates.     It  appeared  that  usefulness  of 
this  fertiliser  compound  was  less  than  that  of  either  HaSCS- 
WHg  or  T^SCH-WH^  and  certainly  It  was  less  than  that  of  KH4 
N0jj-^H3.     This  inefficiency  was  because  of  Its  tendency 
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merely  to  Inhibit  ,  on  fircfc  aj  I  without  hnving 

the  ability  to  asrve  as  an  offset  tvr  hprb.lc5.de. 

oaf  ->rtfi  was  nn  i  effective   than  IW  taftnt  in 

many  reapects.     Low  availability  tf  nitrogen  undoubtedly 

waa  responsible  for  thin  behavior. 

Use  of  either  urea  or  NH4NO3  produced  consistently 
,-reater  nitrogen  uptake  by  planta  than  no  treatment.     Tiaually 
these  treatments   ranked  in  between  no  treatment  end  NH4NO3- 
NH3#  NaSCN-HH3,   and  NH4SCN-NH5. 

Need  for  additional  atudy  with  respect  to  any  or  all 
of  the  liquid  fertilisers,   especially  under  field  conditions 
and  with  different  soils,  was  suggested  by  these   results. 
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Table   5.     Total  nitrogen  uptake 
combined  for  various 

in  wheat  and  millet  crop 
fertilizer  treatments. 

J 

1 

Fertiliser           i 

material                 : 

Pounds  of 
nitrogen 
per  acre 

» 
} 
s 

Average1 
total  nitrogen 
in  crops 
(mK./pot) 

NH4Br-NH3 

100 

66.66 

NH4br-!JH3 

200 

91.13 

NH4br-NH3 

300 

122.90 

NH4*03 

100 

100.25 

NH4N03 

200 

114.86 

NH4N03 

300 

140.09 

Urea 

100 

75.56 

Urea 

200 

128.67 

Urea 

300 

137.77 

NH4N03-NH3 

100 

123.28 

HH4NO3-NH3 

200 

139.69 

HH4N03-NH3 

300 

205.69 

Ureafora 

100 

61.85 

Ureaform 

200 

79.66 

Ureaform 

300 

87.43 

No  treatment 

0 

67.83 

L.    S.   D.2      (.05) 

23.44 

L.   3.   D.3      (.05) 

21.93 

Average  of  six  replications  for  fertiliser  treatments  and 
eight  replications  for  no   treatment.      Includes   the  ni tropin 
uptake   of  wheat  and  millet  combined. 

2For  comparison  of  fertilizer  with  fertilizer. 

3For  comparison  of  fertilizer  with  no   treatment. 

EXPLAKATrOH  OF  PLATE   I 

Fig,  1     Tha  affaofc  of  NH^SCK-HRj  on  whaat  plants  sevan 
days  after  application.     Fates  of  application 
ware  100,  800,  and  300  pound*  of  nitrogen  per 
MN, 

Fig.  2  The  effect  of  NaSCN-NH3  on  wheat  plants  seven 
day*  after  application.  Rates  of  application 
were  100,  200,  and  300  pounds  of  nitrogen  par 
acre. 
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PLATE    I 


ak    ffc     Jb 

C/^)r    /00#A//7    2(D#A///7   3(Z%7V/7 


Fig.    1 


1* 

-  /00#/V//7 

* 

2CO#/V//7  , 

3C         7 

^NaSCN-m  *— 

Fig.    2 


WCFLANaTION  OP  PLATK   II 

Pig.  1     T'ha  affect  of  Nal-^Hj  on  wheat  plants  seven  days 
after  application.     Rates  of  appliuation  we^e 
100,  200,  and  300  pounds  of  nitrogen  per  acre. 

Pig,  2     The  effect  of  Hh^X-KKs  on  wheat  plants  seven 
days  after  application.     Rate!  of  appllCKtiun 
were  100,  200,   and  300  pound*  of  nitrogen  per 
acre. 
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PLATE   II 


hdkl 


^L       ^M  Mm 

CHECK  JOOtfN/H     200#Nfi  j  3Q0#Nfi 


Fig.    1 


CHECK    lOOttNlF 


Fig.   2 


vxpisAvatuw  ^f  rum  in 

Tha  affect  of  HH4SQ3-NH3  on  wheat  plants  seven  days  after 
Application.  Kates  of  application  were  100,  200,  and  300 
pounds  of  nitrogen  par  acra. 
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PLATE    III 

1*     iii.    iu    ML 

CHECK    IO0#N/H   2OO#N0  ,  30£#A///7 

EXPLANATION   V   PLATF   XV 

Fie.  1     The  effect  of  NK4NO3-NH3  on  wheat  planta  18  days 

after  application,     hataa  of  application  were  100, 
200,  And  300  pounds  of  nitrogen  per  acre. 

Fig.  2     The  effect  of  Nfl4SCN-NH3  on  wheat  plants  18  daya 

aftar  application.     I ataa  of  application  ware  100, 
200,  and  300  pounds  of  nitrogen  par  acre. 


42 


PLATE    IV 


Fig.    1 


Fig.    2 


EXPLANATION  OF   PLATO  V 

Fig,  1     The  effect  of  NH4I-NH3  on  wheat  plant*  18  daye 
after  application,     Kate*  of  application  were 
100,  200,  and  500  pound*  of  nitrogen  par  ac ra. 

Pig.  8  The  effect  of  Nal-NK^  on  wheat  planta  18  day* 
after  application,  i-.ate*  of  application  were 
100,   200,  and  300  pound*  of  nitrogen  per  acre. 
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PLATE   V 


Fig.    1 


EXPLANATION  OF  PLATE  VI 

Fig.  1  The  effect  of  urea  on  growth  of  wheat  when 

applied  at  the  rate  of  100,  200,  and  300  pounds 
per  acre. 

Fig.  2  The  effect  of  NH4N03  on  growth  of  wheat  when 

applied  at  the  rate  of  100,  200,  and  300  pounds 
per  acre. 
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PLATE  VI 


Fig.   1 


Fig.    2 


RXFL.AHATIOH  Of  PLATK  VII 

Fig •   1     Tha  affaot  of  ureaforra  on  growth  of  wha*t  when 

applied  Ht  the  rate  of  3.00,  200,  and  300  pounds  of 
nitrogen  per  acre. 

Fig,  2     The  effect  of  NR4NO3-W3  on  growth  of  wheat  when 

applied  at  the   rata  of  100,   200,   and  300  pounds  of 
nitrogen  per  acre. 
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PLATE  VII 


CHFCK 


m 

IQOttNlH      200#N/R  ,  300VNIR 


Fig.    1 


CHECK   ,  IQOttNlH^  2WUNIR   %  WMNfi 


Fig.    2 


EXPLANATION   OP   PLATE   VIII 

Fig.  1  The  effect  of  NH4SCN-NH3  on  millet  plants  171  days 
after  application.  Rates  of  application  were  100, 
200,   and  300  pounds  of  nitrogen  per  acre. 

Fig.   2     The   effect  of  NaSCN-NH3  on  millet  plants   171  days 
after  application,      hates  of  application  were   100, 
200,  and  300  pounds  of  nitrogen  per  acre. 
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PLATE   VIII 


CHECK 


IOO#Nj  DUNfi 

NH,SCN-NHi 


mttNjR 


Fig.    1 


CHFCK 


D0tfN/H       2COUNfi      300UNJH 
NaSCN-Ntt 


Fig.    2 


EXPLANATION  OP  PLATE  IX 

Pig.  1  The  affect  of  NfyBr-NH*  on  millet  plants  171  days 
after  application.  Rates  of  application  were  100, 
200,  and  300  pounds  of  nitrogen  per  acre. 

Fig.  2  The  effect  of  NK4N03-NH3  on  millet  plants  171  days 
after  application,  ^ates  of  application  were  100, 
200,  and  300  pounds  of  nitrogen  per  acre. 
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PLATE    IX 


Pig.    1 


Fig.    2 


EXPLANATION   OF   PLATE  X 

Fig.   1     The  effect  of  urea  on  millet  plants  171  days 
after  application.      Rates   of   application  were 
100,   200,   and  300   pounds  of  nitrogen  per  acre. 

Fig.   2     The   effect  of  HH^HQg  on  millet  plants   171   dsys 
after  application.      Piates  of  application  were 
100,   200,   and  300  pounds  of  nitrogen  per  acre. 
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PLATE  X 


CHECK      /OOtfN/H     200UNJH       30O#A///7 

UkfJ  \ 


Fig.    1 


Fig.    2 


EXPLANATION  OF  PLATE  XI 

The  effect  of  ureaform  on  millet  plants  171  days  after 
application.  Rates  of  application  were  100,  200,  and 
300  pounds  of  nitrogen  per  acre. 
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PLATE  XI 
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Nitrogen,  because  of  its  important  role   in  plant  growth 
and   its  loan  from  soil   in  humid  areas,   is  applied   to  many 
soils   in  a  variety  of  forms, 

Nine  nitrogenous  compounds,  of  which   two  hava  been  stud- 
ied quite  extensively,  ware  used   in  this  study.     Ammonium 
nitrata  and  uraa  wars  included   for  purpose  of  comparison. 

there  used  were  ureaform,   NH^Og-NHg,  NaSCN-NH3,  NH4SCX-]fH3, 
WH4I-NH3,  »aI-NH3  and  Nh*4fcr-NH3.     The  latter  six  are  liquid 
types  with  Nfi*3  used  as  a  aolvent.     Vreaform  is  a  combination 
of  urea  and  formaldehyde. 

The  experiment  was  conducted   in  the  greenhouse  with 
soil  from  the  Ashland  Agronomy  Farm.       ftar  the  soil  had 
been  thoroughly  mixed  a  constant  amount  of  2,000  grams  was 
put  in  each  of  170  containers.     Spring  wheat  seeds  and  an 
equivalent  amount  of  &00  pounds  p^r  «u»re  of  triple   super- 
phosphate were  applied  at  the   same  time. 

After  the  wheat  seeds  had   started  to  emerge   the 
various  fertilisers  were  applied  at  the  rates  of  100,  800, 
and  300  pounds  of  nitrogen  per  acre.     The   fertiliser  appli- 
cations were  replicated  six  times  and  eight  containers  were 
used  as  controls.     The  wheat  in  the  containers  which  had 
fertiliser  applications  that  were  not  toxic  was  allowed   to 
mature  and  w«s   then  harvested,  dried,  weired  and  the  amount 
of  nitrogen  determined. 

Millet  was  planted   in  all  of  the  containers  about  five 
months  after  the  original  application  of  fertiliser  but  no 


additional  nutritive   elements  were  added  at  thin  tine.     When 
millet  had  matured  it  was  harvested,  dried,  weiphed  and 
nitrogen  content  determined, 

Uee  of  NaSC*-NH3,  NH43C.N-NH3,  NH4I-NH3  and  NaI-NH3 
proved  toxic  to  plants  when  firet  applied.      Repeated  wheat 
plantings  failed  on  this  account. 

Use  of  NH4br-NH3  caused  considerable  wilting  in  wheat 
when  first  applied  but  did  not  kill  the  plants.     Plants 
survived  hut  the  amount  of  growth  was  less  than  where  no 
treatment  was  used. 

Production  of  dark  green,   luxuriant  growth  occurred  with 
use  of  TJH4NO3-WB5.     Urea  and  UH4*?03  also  produced  favorable 
growth  but  not  as  dark  green  in  color  as  was  produced  with 
Nf^N03-HH3.     Yellow  plant  growth  occurred  with  use  of  urea- 
form  and  it  was  superior  only  to  NH4Br-NR3  in  producing 
increased  wheat  plant  growth. 

I Greatest  percentage  of  nitrogen  in  wheat  plants  occur- 
red from  use  of  NH4Br-NH3  but  the  greatest  total  amount  in 
plants  resulted  from  use  of  NH^O^-EH*.     Ureaform  consistently 
produced  both  the  lowest  percentage  and  total  amount  of 
nitrogen  in  wheat. 

The  NaSCH-NH3  and  NH4SCM-J?H3  cultures  no  longer  were 
toxic  when  the  millet  was  planted.     These  cultures  produced 
a  crop  of  millet  comparable   to  that  produced  where  NH4NO3- 
HH3  was  used.     The  NH^I-NH^  and  NaI-NH3  fertilisers  still  were 
toxic  with  millet. 
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With  the  nillet  crop  NaSCfl-KHg  and  TTH4.'tCN-NH3  behaved 
similarly  and  each  produced  greater  nitrogen  uptake   than  the 
other  fertilisers.     Thin  was  the  first  crop  for  these  two 
fertilisers  while   the  other  fertilisers  had  produoed  a 
wheat  crop.     Hi#iest  millet  yields  were  obtained  from  use  of 
KH4WVKH3,  KaSC»-NHs  and  flH4SGW-NH3. 

Considering  the  combined  crops  of  wheat  and  millet, 
NRtHO.-NH-  was  most  effective  of  all  fertiliser  materials 
insofar  as  total  uptake  of  nitrogen  was  concerned.     Despite 
its   inferiority  with   the  wheat  crop,  NH4Lir-NH5  was  somewhat 
more  effective   than  ureaform  when  the  combination  of  two 
crops  was  considered.     Ureaform  was  least  effective  of  all 
fertiliser  materials  in  total  uptake  of  nitrogen. 


